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A method of production of a semiconductor device able to be miniaturized by preventing the decline of 
the hFE at a low current caused by an increase of a surface recombination current of a bipolar transistor 
and forming an external base region by self-alignment with respect to emitter polycrystalline silicon in the 
BiCMOS process. An intrinsic base region of a first semiconductor element is formed, then an insulating 
film having an opening at an emitter formation region of part of the intrinsic base region is formed, and 
an emitter electrode of the first semiconductor element and a protective film are formed on an insulating 
film having the opening. Next, a sidewall insulating film is left on gate electrode side portion. 
Simultaneously, the insulating film is removed while partially leaving the emitter region forming-use 
insulating film under the emitter electrode. Further, the external base region connected to the intrinsic 
base region is formed on the semiconductor substrate surface by self-alignment with respect to the 
emitter electrode 



Abstract 



Data supplied from the esp@cenet database - 12 



am 

http://l2.espacenet.com/espacenet/abstract?CY=gb&LG=en&PNP=US20... 04-09-15 



[^-&*7fl^*J± ^14-016158^(2002.01.18) l^-.l 



OOBsOTttW? (J P) (12) & ^ ^ ^ ^ (A) 00(NHlflfc&H*<» 

4$BB2002- 16158 
(P2002-16188A) 
(43) tm B ¥tfL\4*Z 1 H188 (2002, 1 . IS) 



(5l)IntXX f 

H01L 21/8249 
27/06 
21/265 



6 04 



P I 

HO 1L 



21/265 



27/06 
21/265 
27/06 



f-o-r(*M*> 

604Z SF048 
604M 8F0S2 
3 2 I B 
F 

I 0 IV 



<z\>mm&*$ 


&R2000 — 19296S( P2000 — 132988) 




000002185 










<22>umB 


^12^6^270(2000,0.27) 




«CC»SrilieUt«i/f 1 6TB7 «3S# 






















































(74) («1A 


IGOG94053 



















(57) [gJW 

5 V V *3 <J)KffimfS£«S30)** II «**S«5 T 0)h 
FEd>ET£BfrifcU ^i9^-^«««X^ v5*tSSV 

i^xfim. «ti^^«ii3is±a)-»<j)x^v5»«$« 

KlDS33o a«©T^>«eK3 2|ZSl *)¥«*** 
fl)X$ v5«lft2 4<Dfl**S*3 «*tf«8B«3 StDJgtfSfr 




*x*i 
*xfifc. 

JfcsST5X*i^ 

is - Jl o) xs. v 2&jdift**i izran sa £s r 
itr ^ass^^jdi r*x*it , 

WEX 5v^*iS?7{?kir, ttE'tf - 'hSffi-fliai 
iztf-f * ^ JbKBK££i.-U ttiEx* y 5iftT(D 
iz X4 y 5ffi*§l^Jdj^««K^S ^tttf&ttfij&i. 
feJ:tfttffi»2ffiia(Dttg£lg»K^*r*XSfc, 

wiess 1 mi=io)Wie¥S5^sisiz. #e-£% 99'*fii= 
wLr^ssi^iztti5Rtt^-^««izfer%*^ 

wiett-r FfS'sr^'iwa****^'*: ur-itEg-sflrt 
MtEW*-Mi:lzMev->c- H w*v*«»jiSir 
*x*ifc> 

rate x £ y $na>6 m sx < ^j5fifflm»K(D 
ttEttafrs* LtKhews ^ - m\zmm sks* 

tJ&lz finest* a:- JtfJUa jzg T *tfie X* v 

sfiT turn t *m r *¥£*i<se '<dsi>s*&* 
cis*m 2] wse^s^-^^^fejdir^xifiizfeL^ 
tel ffisess ifa«izfei*t;MS^«*stfii^tttt5* 

iz, -ttE«:2-.aJ3izis^Teiaa^«»Si--r.<vjiA u 

^ a> jc» ii ^jg jdi r ^ is *ie 1 ie « 0) ^ 15 ^ k 

wf5«»R€fej5sr4xiso)«nz, wies -i seisizfcL* 
*«**.*<!-*fc«-o)^i^e€*jaiY*x*a*.*-&i= 
srarfr *x*i iz sis t< Mie» 2 «^iz 

fct^Wie®ifi*8S&JglFiz^SlgfflJg!iSgfeJi.i:ttS^ 



2letfi<i)¥»l^«S<D^^^ 
ttt tttess Tffi«izteivrttS5^>sfi^tfiiz^K^€ 

W LT; WIE&SSEIZ JtAtttEXS vS^S^ 

)iALTt»ie^A:--^ffijsi^jB^rit fcfciz. rate 
s 2 ««iz is t, tfie^i «s u title v 

-a- K L4VWa€JEMT-3!if*i8: i !£«*)¥!£*£ 

6] Wge5S«K^^fitir ^X^Stt.. «IE» i 
<fc^SS2ffiJ3lzfet^rtti2¥S^^tfi±<D±Slz»eK 

^Jdir<5>Xfii:. 

©sjRfi8 t rixiifc. 

MiEv^^Jgsv^ofc ut. twiEBadsp^KDttiErge 

K=SRfe*r*X©t.S^r*SS*« t:S«<o¥^»4liS 

x^ik, 

trte£^'9$«fe^J:tfttEMRWjilr«lfaltlH t 
ClilsftxB aj .ttiex$ y5?^S5SJBfifir^Xlilzfci^ 

■c, *isft^ugvizctyttlex$ 
aw«^KikRi^J:-v»]dr«m« iiE»<D¥m 



[OOOI] 

*afcizrat, «izb i cmos ^ vi?^5*sr*¥ 

!5^KiS(DS!JS*i£|ZKlT^ 
CO b 0 2] 

<ni$M imti ?%\zmK mm^m vz&mt 



y'jxzh&wk&tyittztu x-=> gmo s cb i - 

C0 0 03] a*fl)SS*ilzJtySiB*.*i*B I CM 
os h?V2?X£'<brtBB€H 1 alzmT* 

[o o 0 4) |i 3|zif,rctdlz. p3?¥S£tt£tfii J: 
iZn 52 X fcf 5 * ^ V >m 2 65 Jg jtf * ft. nHlii«V 

Mta-tfM*4iTL«4-. 
CO 0. OS-] n pflM4*-7 h7>vy^5JB«S«J3 

izi*. nss 3 mum ttt4 nssxes =t urn 2 

d)TJBl Z n S 3 U 0 5 S fiWi * fS*3 4 ftijg jsS * ft . n 3* 
a UO 3&<fciA*fl&I 4 OXtJllZ. ^7iET(J)^«8! 
&m^:*8±2 e^l:«t)fl)S I C (Selective Ion Implan 
mion of CoMeotqr)^Ql 7 iSpfejifcSftTl^. ngs! 
Xtf 5 tVt II/© 2Q«fl^ti p5**i*tt££l3T4 
a - Xflj 1 5t, 351* <x - X*J5*3 1 5 & ij fe * e> 
IZSiBVEa) pffFMiCM-U (SISffift ? ft*:"*-;* 

ss yiti L0>M"c-- i © As&ts ur jkjss * ft ru 
pss^-^ffi«(i5. is) ±\z\t. i>uav» 

fhK3 3:fflM*fc?-lt4. ^U3VKfbR3 3U&ft 
&-ft-fc : BDB-3 3 efcj;tf^lj 3 V&ftR3 3Jt |Z. X 

5->s«sa*/j3ve 4ftsjM*ftri*4* 

4Mi&*fM 4 ± a) n 5* x t: 5 * * j|/jg e <d - 
2BIZ. pSS^^7flW (15, iWtBTT, n5f3 
?aS*3 6 fc J: tf. n S.q U y'iii UffiQ 6 
•.MM* tit: 

Coooei pMOSh^V^5«iE6^^lztt, pS* 

*u **iz asies* v^jueeir n-sro xji, 7#ra 

Jd*ft*l*4. Ztt. nMOS^V^WIStt. 
pS^xJ|/8a>Jgjdl£ftTL>4, pMOSfc^n MO 
S>5 V^* 3^/^*3 IZI*. *ft?*U n5g^xil/7 

-p-SI'9xll8d)ftJ9 : l=, LbDjM(1. 1 r 1 
3) *W*V-^^' J?'UV«<12, 14)ffJB 

1 4) 0)Sltif- h-BfbBt- (3 1 a, 3 1b) S^L 
T. 4r-h*ft-(2 2, 2 3) fiHM'-dtk 

(2 2, 23) ommz-*x4 0 2 

a, 3 2 b) *ft*ftJBj&*ftTl*4. 
COO 07] h^ffi (2 2, 2 3) ^JS®UT±ffi 

|Z-> U 3 VKffcK 3 3 tfMtefrcas HJ. h =? V 

t?A5€««UT±ffilzeEl»»R3 46iJgrf*jru ^ 

U 3 VKftR 33^ Jifel fcSR 3 4 i= tt. p MO S 
^■tfnMOS>5V , ;7.5H)V-7' HU-fV^J3 
(12, 14) n pn./W^5>5VS>*3fl>$* 
»*C'-affl« 16 fcXS yMS2 4, fc«fctf 3 



2, 4 3, 4 4 r 4 5, 4 6, 4 7) fii^fiS * ft % 

3 v9^ih«-iMrt939-Jttf±«='tt« ewe (5 

1, 5 2, 5 3; 5 4; 5 5; 5 6; 57) 6^*1 £ft 
Tl»4* 

C0 0 08] JtI20)«i2<O¥S5^KiS(J)SiS^<DlW 

C00093 3tr; B-1 4 (a) |3iirj:'4fc 
pS^ij a.vm#«tR 1 MRfcSlsJrttBteL?; 
£EIZ6$fkR;£?gJdiU £SS&fbBLt3Blz* 
Y-««i:A-3T. Jtie^ , J3V¥S£«^5tS l±<D.n p 

^ ir^D « r 4^ 5 - >d) t> 1? >l h R R 1 

W-riT4. ^LT; C0)U*>*hRR1 .^T^^fcL 

7 jv ^ 5^jdH*« i: p m o s h 5 v yxvimmm t 

izTulD 2?^^ r 4«fbR 3 6 «ttjdlT4. 
COO 1 O] MZ. B-1 4 (b) II^TJ: dll. Ui?^ 
>RR 1.kKS'L<fett« «b7V^V CS b2 p3 ) 

3 6lt^*ftfcBD3«aUT^U^V¥IS*Stfi1 

4, PlS*S««l.tfi;i tMT^:^fl)n 

5i*ai^«5$jgfifi.r4- 

Coo 11] *iz. H'i:s (o) IZfnTitdlC WitH 
?i-^IV? >a IZ <fc z> TKftR 

izn sex e« * ^ jbJi 2 r4. 

Coo 123 *lz, Bi 5 (d) izif^ritdiz, LOC 
6s7 p izj; y , n.s x e 5 * ^ v -Jtttei;:*?a 
»$§»K3^j5ST4. C<D^^S8tg«K3d)^fifiX 
firtt, nS^x^3*S"P/UJ12fl)affi|z» ! K 

3 VR 3 a ± 0)*^^ffi$ft»R^^lSllU^ ©Ui»i=5F 
Bw<D*ffcf -Ua-V«*»JCB-t, ^BBfbVU3VIR« 
WBafbt4V*£7lzmi>7\ nK'Xlfd^&r JM-SM 
ffi^iftiSftLt, *^dfi8«»K3^Jgrfr4* 
f!L Kfb2/'U 3-VR*X.v*V.^»iT4£fc.lZ-ty* 

*^airs«K 3 km& $ ti.4. 

COO 1 3] JfclZ. B1 6 (e) |ZjnT<tdlZ. h pn 
?H - 5 h 3 Vt? X Vfesm^z & l^n S 3 U O 5 
7 5 ^J^Jdl T 4ttfc laHri *«T4 -U h KR 
2 ftBvl-UfcflL ^IS U 5^ ^ h ^ fc L T. 

n5?Xtf^^^il/®2|Z, n^3U05S«)^ 
fH<l 4 |Z ^ ^ 4 n 3 U ^ 9 77 28W6 t 
4» fO)ft, U*?*hRR2.*fifc£:r4, 
CO 0 1 43 5XIZ. BI .6 (f) iZiSrctd lZ. n^X 
e ^ ^ *^ i» 11/ Ji 2 ± IZ p M O S h 7 V t?^ 5 Jgrf ffi^lZ 



dCfclZJloX n&'pxjL^^JSfi.T^u t<D?*U^ 

COO 1 53 ifclz, di 7 (c) lZij*TJ:dlz. nS'I 
VJl/Jf2±lZ, nMOSh7V^5^S 
fc % nMOSfcitf pMOS b7V*/a£fcn pn/<-< 

ffiLX&JrfU Wittf, D^^«ft3 0)^^*S-<^V;jE 
AT * C fc II <fc •> X #^SI8i*3 S&Jfl Lfc p x 

coo 16] mz. hi 7 (h) Mif*r«£.3.i^ us>* 

MRR 4£&£ LfcifiL Willi 9 x -;H^ J: 
■J. »fblR3 e^£U Willi»Sfifti£l=J:-DT-y- 
hKftR3 1 £fl*jd*r*. 

Co o 1 73 sfiz. -H 1 8 C r> Iz5*y«fc3iz, n MO 

Sfc p MO S h 7 V^^5JgJEfi^i=IIZ>f- 
(22, 23) 

Coo 1 83 JXlz. .118(f) iz^rjtaiz. uv^ 
77-f-*rdnzj:ox pMosjgjdiffiiaizgaD^r 

4U-y-JthK-:R-S«IM'U U^hlRR55770fc 
LX oWI^OW-illir? yfb*^* CBF20 £ 

-f^rvjiXr^^fcizjioT, h^S2 20)^§J2P 

d>nB^xjl7-4i=p8f L&fiMl 1 l£82rfr*. ^ 
Coo 193 &lz, H 9 (k) izif.TJtdlz. »jy? 

7 7 < -»« \z £ x n m o s h ?rjy * skmaw 

* V)i A T * C fc IZ <£ -d X - h^fe 2 3 (DPUffl 
200) pSS* x & 8 *jz nSLD D*Jtl3 1 3 £ Jgtf f 5. 
*0)fiL H?^.MKR«W*T** 
C0 0 203 5fciz. m 1 9 ( I ) izmtXMz. 
5 7 -f ^«?81Z J£ -d X n p h /Wtf-^ 

oxsts^- xfe&im\zrtin hR r 7 £ 

*] it li Z7 £ 4 # Vs*A t * C t IZ J; -d X 

7 £ V «k IX , n 'B^mflKDMl it I* »J V £-< * V5i 

xr ^> c t iz <t -3 x <-<- ^eto a 5 ^ttfeifije 

€*9*3i!*-fce&d)S' I- -C (Seleotive Ion Implantati 
oh of Colleotor)ffii||1 7£JBjdiy*. ^OMlL U^* 
MRR 7 «KS*lTi. 

C00213 fclz, mzo (m) izinrj-dlz, CVD 

ai=j:-DX #h7V^^a5«SLT^Eiz»ftvj 

CO 0 2 23 5XIZ. ©eo (n) iZmrjjdIZ, ffl*.K 
MSI* L>X (2 2, 2 3) ©ffljSI-Z-^-f 



HS*-JWg»& (32a. 3 2b) £H2fi6r5>* 
COO 2 3) 5fc|Z, i2 1 (o) iZijiTJzdlZi n MO 

vsj**© i>9 sfcyai us&izBaasers u*>* 

hRR8«Uy0-7 7<-l»4m*?WJliU tig© 
?FI«8j.fe L X Wit tt t* ?T Vsi Ar * C t IZ J; o 

Co 0 2 43 W:, 02 1 (p) Izinr^dlZi pMO 
Sh?V^^M-Ml« feJ:tfn pn/WfK-7 b7 

LX *l*:tti7-vfb<rt** ; -<-*VSiXT*£ 

feizj:oX pmo s vy^-wv-^ - I s l>^> 

ffilSil 2fcctC/h p-ftM^^7V«IXjM»ttt 

COQ253 *:IZ, H22 (q) IZmr«tdlZ; fiftftS' 
U □.VR-3 3€^ffi:l=*ii»*«X Kfti"J 3.VR33 
<DJ12P IZX < «4«JM4lJahD l> h R R 

1 o t-ij y « 7 Y - tSIW^ffi^TMU ^ hR 
ri p«7^ ! kir, R i Eiz«toX &ltvvz\y 

u^hRR 1 o^^r^ 

CP 0 2 5] $C|Z. §2 2 (r) iZmTctdlZ, LP C 
V D (Low Pressure Chemical Vapor Deposition) -£.\Z 

<t y. ran 3 3 a r*i s ^ n±m\ z x ^ ^ 5 ^tss ^ U 

ZJ yt ttin ^JtifcQ-fcfttf ttMli'F - trV^tl 
fcX ^ 9-S*ttfr2> U q Vfflf. 2 4a ^^J5S ^5- 
COQ273 ^IZ. [5j23 (s) iZ^T^dlZ. X^v 

^^ISSS' U 3-VM-e 4 a .jtlt u y# ^ 7 -r - 

|ZJ:^>X n ph /W^-7h7VS?7S«)XS.7$* 

rfU ^SSUS?^bRR l l^v^C7tUt. X$v9 
*$£S^U Z} Vffl©2 4 a |:i.v?VMI5U X* v 
^^tgal^UZI!,;^ 4SJBJdlr^ *0)^. USJ^hR 

r 1 1 ^^r^>* 

Coo 2 83 fciz, 12-3 (t) lz^rj;dlz, WitH 

RTA (Rapid Thermal Anneal) ^ffLV p-MO S & <£ 
tfnMOS(J)V-^- H U^VffiJS (12, 14)|ZiS 

yx= v s*fSi& v g □ v 2 4 ftie> v u zi v»ftR 33 

^□283 3 LT QSm&'t-X&m 1 5 iZ^It 

ftl^aU nBX^y5?W2 5 3»JBJi8*^*. tO) 

flL ii:*7*'JV*>"J!r-:^77 (b.psg) € 
*ttt*ex Jg©i6«R34$jgjsfir^ 

BR3 4±|Z^i^<DU^^K^^fiH L. U*JX 
hRS7« felT, -SSIMR3 4 8ifrtf»fcS''JZJ 



ym 3 3 iz. dMOS|>7 >S> *5 P) v- * H U -f t/ffl 

*sh 2izsr*r*ao23 (4 i. f 42). nMosh?v 

3, 44) . n Dh/W)rv-7 H5V^^5(D^- 

tziiT5>Sao5?4 7 
COO 2 9] lU»0)X?St Lrll. #EIDS (4 1-4 

7) fl)rtSiz«jt«5V*^?V««tt*t*T^0mfl) 

%j>LT. p MO S h 7 V*/75fl) H U VfifiQ 
1 2:|Zj£BST*ffitt (5 1, 5 2), nMOS^V*; 
a50)V-*< K l>-fVfl*1 4|ZJsewr^EEI (5 
3, 54). n p.rwWjtf- v> 7 0)#2Sa:- 
1 6lZJ8isriK»5 5. IS v5*|gavU3 
>fi 4 lzfc!ftr*i2tt.S 6. zj LffiJ36 a 

iz«iST*Ett 5 7 £ jBjrir * c iz J: ub'-i 3 iz5ir 

Co o apr±te4>B!RflRft-|= Jt*-B i CMOSStf 
*^i£*KEa)52i£:*&T^ i2 0 (n) Izif.r^ 
IZ. nMOStiitfoMOS h =? VSJaS 0)*^ F^* 
-"-JbttttK (32,a, 32 b) <M&kk*k. 

fcizi-DTHd. ^oBs. *r£iimsKa6m4s/y 

- h^ffi (.2 2. 2 3) QflWlSfcAtt. □ v&s 
C0 0313 DMOSti^hWIGS :K5VSJyi5HB*l 

CO O 3 2] 

<bt^TlzJtyft«a6i®ftr^ i: L^3fflS65R * # 

ScD^liWtt^^ <J)fttO)*BiS^^r*^ffi« &«^u 
5flfS«rilZ5SL^S^ei^ i*->T. ;W^7h7 

^«5fl)gs«at«*i5 vzu&tm* fc x 

5-^ fcp 52*2* ^-'^mairtt/ Ri 

C0033] atr«*ftt, ©:2 2 <q) |zSr<fcd 

IZ. £$y fiMA^U 3y*ifwr*fcAfc us?* 



>kr ToiZcty. »rt->uzivK3 3izriaa$jgjdir 

*Xll IZfe l> T; X^ .^5^25 tisraass 
3 3 a fc^0)£fc d)#g>S-;M$« 1 6 0).<£S6*5*!£ 

*• rat*** xSv$«fc25fc# 

2fl"c - x&m 1 6 fe:0)5ifi8 tf*§ T 3 * fcWEOtgT 

25 1 as si.i:crmp * - ( 1 s, 
re) oig^sfid)ieftofct^/=^«fift5afeu itfc; 

x ^ v 2 5 tim * ~ ^fSQ 1 6 t fl)8g»J&5«y 
fc. X-£ vSflMSt2 5ba9^-;tmgM 6fcd)ia<DSi 

^ V* * fc«. ifi« X = y 2 5 t #2* 

***** 1 6 feTaSiB fcSCfc k.«*. ^ 

ttSMZli. 121 (p) IZfil^SX^yS^fg 

U 3 € U K R 9 Trim U 

- ^fia 1 6 £H*]tfT*I*ir!i:. x^ y-AMA-^U 

3 :/s*tff#a €«ai.r*sPdo) >k r 9 o)«ta 

1 SPalCOSiffi^ttR^^X^^Cfcft^B i CMOS 

oaiirtizpg^dsfe ^. 

co o 343 ^Wtt±lE<DPflSi*lzffi*rti:*tifcfe 
«^ir, b i cwios^ ptzi: 

*lz j:$tg«KT<bhFEd)flirF«i»it u 
Co 0:3 53 

*Sgqa<D¥iSft.eiso)S5S*i£tt. » i^qiz. a 

izth-f H^ 7r-JI/»eK^^r^2a)¥sS^^-fc« 
^T^¥^^SKS<j)^75i£T25 t>TT. 1 ffi^ 

0)^Mg*StfilZM£ Z| t, 9 5^i3^JBfifir *XfI fc tit 

less 2**13 o)^is*stR± izMie^ - h^t§ r ^ 

XII t . ttlgSS 1 ffiQ^tKie¥J5«^tJ5IZil9IE^tt'\- 

xtim^j$t*xmt* wiesi ^^cfss2^«(J)*j 

Mm «b.*««T6nwk r ^xii fc . «ie 
» 1 Mittbtt:iaB0Ke>«£naiMSJ:'tf«eiiiQ9 
i^^izx^ y5«ffiagrfr*x?it, feejfetflmo) 



£T*ifst, ttE»it*ao)Ws^^stsiz, he 
izjsT*##^-*fs«^rf.r*xfifc. *rie k 

- Jl««KJ£T^O LTW£SS tttf 8-<DtiE«!5 
ttt£ X £ v 9 *J Ex * -v 5 SS*5BB riffiteSRO) 

<*i*z\ i*EraoftT&<Dtt£g 1 tfJUaxttE^tsftS 
tsi=ttiestiA-^i3j^igr*ttiex$ 

Coo 36] ±ieo)*^^0)¥lS*KSa)S^*i£li:J: 

S&£rarfU ^SSeaD2?«©T^»8iKlz» l 0)¥£ 
5. 3*|Z, i^^tffiS770t LT; 7--MSMI 
*3lz x * v 5 «ra&idim J§«K «JS L #4 & 1 <t £/ 

ss 2 *sfca)ra&& jxiz. siwiiarestt 

ets iz. x ^ y s mm \z*t l rscMmizlctt ^ - * 

%<j)2£mfr&¥o>?&mmT& znsyQimk* x^ 

* * - il/fgeKJgrf(DPS X :- ^ € * C 4: fc<* 

t s , x * «v 5«e±s5 \z &mm lti* s c 

^i3^Jdl<Dfc«t)<3)^»565X^ y 

tOQ-37] Ztz. JTifilZtt, WieKtt^-^i3^Jg 
flr&XfSfctiDTtt. WES 1«W=tfi-«7ttE4iiS 

u&t *t ffc iz, ttiess 2 tfigiz 1>T fe SSS^Kt*! 
*.-f #V>iA LTttE'tf - h^t$PJ&0)ttE*i£tt@tJi 

^KJdi c t tfi t fc asaisxi i zsm r * c t m 

CO O 38] AfiSilZBL «E*«A-JtfB«**Jtfr* 

^izfeL>rMge^ia^-^^Ta)Mazj:.u^^J§i 
fi^a^ize u ^is^««5@^^idir^xiiizfc^ 



r. .ttgsss 2 IBS iz *su t tiE& ?u & mt i= d&g 

CD^t€tt>ig^^T^Xfilr^l»T. »2o* 

coo 39] ffifiizit wie^29^-^«s^fiir* 

XfSisJ:lFttiev->- K U-f Vffl^«JBfifir*Xei3 

t3i>r«t. tts2ss 1 f5«izfci^rwie¥S^stfiiz^« 

b iz. ttfcJS 2ffi« |z*3 utt ^15^1^ =S -< ^ ViiA 
»1 0)^15^*^0)^2?^ -**SJ3£JBrfT*Xfi 

izfetvr. isjB^jz. ss2'd)*»»**<bv^^- k i>-r 

coo4o] ffj^it. *jiex^^^ffi«jgrfr*xis 
fc<ttf**iEfcKK£tetfr*x*itt, «§5ige»o)*tg5 
^tDS8rtfe<t^*iiej6eK±izx= v^fflis^e^ 

fifir *XIS-fc. «£5X^ -y.5ffl^^@JiiZttl5Sa^ 
fflK^iglCSr^Xfifei MI5X = ^^«S«SlJd!T«ffl 

e^^^ot ut, ttE*r-s*-sffis**efc*cHffl 

Co o 4 13 

C5ewo)*Sfio)JB^]. WTlz. :*&w<^m&&&am 

i£^0)HS6d)^5MIZ->L>T. .M€«!B:Lt6Sli'T 
CO 0 423 E.ltt. *PgW0)#iS^KS0)^*2&lt 

<t>JS!JS B J CMO S K7 Vt^^5 d)iyfffi®7& 

CO o 4 3] Bli IZsjv3-cfc 31=, pSg#^*StS.i ±lz 
nSgX V^'MrJI-e ftiJ^Jdi * ft. nSSX e5 * V-^ 
e-OKftUZK. lo c o s im iz J: y *^lB«e 

CO p 4 4] n p n h 7 >V^^5JKfiSffil|| 

3 4 o)±Jg iz. ^ - ^iSTd) 3 {,0 

5^W^iBJgS«* $t?^/=«D0)S I C (Selective lo 
n Implantation of Co I lector) $1*3 1 7 tfJ&X&Zfl'Cl* 

hSgxtf5*^^Jl/Ji2 0)*eii ipB^MME-M 

*^lzjgaBjeo)P^^««a^^L, K«fiLft:.&*i:fc^ 

Tt^ pSIStt^-^^i s±d)-S8lz, vuzjv 
KftK 3 2 c fiJJgfifi ?ft ru*. f U 3 VK-fW-a 2 g 



IZtt!*&-tl-fcHD&-3 2 c a & JilfV U 3 >»fcR3 2 

c±iz. x = v34i8B v'U'a-v 2.4 *ixi» 

4T33 (DKtt 1 5 <D*eiz nfir^ y-.-Sffig 

!§|4±0ngxe£*^*iW§2<i)-231^ P^^-^ 

f#3 (13; *6) fcKrr. nsa^5 77^J3 

6fc,fct/ng 3U9£ft*Jtt UlfitQ a &1&J£$*ITI* 

tOO 4 5] pMO S h^>V*3JEjtffS*3KHL p52 

tU £ & IZ n SSi bf 5 * IWJS 2 1Z n & *>x j|, 7 jfpfe 
SS*ttTl*** nMOSh^V^SJBtf^lZ 
tt. P59^xjl8 65jgrf^ti7-L^ # #pMOSfcc£tf 
nMOSh 7 Vt^^J^JaiZl*. nSS^x j|, 7 <£ 
pS^xJl/SO^JglZ, LDD?51gI (11:, 13) £ 
J* - H U-OtM (12, 1 4) fiSJBjtfSti 

ri»«. s/=. ^v-a- F-U'ivfHtt (12, 1 4) 

(DTelHry- KKfbK (3 1 a, 31 b) £j> L7\ 

(22, 2 3) ftiJgtfrStU tf--h«« (2 2, 
2 3 ) (DilJ#!Ztf -f^^r jirtg&B; ( 3 2 a, 32 
b) tftftefc^tf 

c o o 46] a l r±m \zmAhm 

^3 4 AiJKflJi ^tX. Jf Fal^SR 3 4 |Zfct pMCSfcJ; 
Cfn MOS>7V*;^5(DV-^/ FU-f VtRK ( 1 
2, 14) fc, npn;^.<tt-7h7>^^?;0)^ 

aiU5«6a|Zi5r^3V5 0 f*-Jl (4 1, 4 2. 
4 3, 4 4. 4 5, 4 6, 4 7) &J&B&2t\. V 
$Ob*^l\,<»1*i&to<£tf±&\Z\i s ggttJg (5 1, 5 
2, 5 3, 5 4, 5 5, 5 6, 5 7) $J&i£3tlTU 
*♦ 

Co o 4 7 3 J:iea)«^CD¥>5^SO)$5!5S7j^lz^L^ 

COO 48] AT, ®G (a) IZmTJtSIZ, # p 

SLViJ ^KffcSlz^JKft It, & 

ElZgftBI 3 6€W*tf 3 O O n m 0)© ^ IZJgJfig T 

tir, u ^ ^ h Jtif u 77< -JKtt.i= ^ 

7V f j75.lg/diffi*3i; p MO S V 5^*6***3 1 Z 

Ban^r^^a- vo)U^^hKR 1 ^^jsiir^ 

LT, C<D t,^>^R t LT, Witt, 7 

^g^fflUfc^x v hX?*V?IZ<fc or, ^U 3V¥ 
JSttStS 1 tD^ffilZ^rf #tlfc»ftK 3 6 IZ % n p n.*1 

^di3i*aHz&ins£H*rfr** 

Co o 4 9] JXIZ. 12 (b) |zif*r<£3lz. 
R R 1 A tt. mt ft** KB k <J)5B£»£ JBU t 
fcffiL KftTV^^V (Sb2 03 ) (DUfcV- 



7$lhfci2 0ot. 6d^©0)»iiigMafSlZcl:o 
7T. iieKftR3 6|ZJBrf**vfcBab#£SS UTV'Ja 
1«Z7V^^>€JSa^ti. Wittf n£ 
3 U9*iito£*SS«4, fc£tfp3^l£f*&tl5 1 
1ST* fcfc<D n 5*318^ 5 G-J&titZ. 
C0 0 503 SXIZ, ®3 (c) IZipTcfcSlZ, «jttt7 
-^BSElAfc^x v hX^^V^II<feoT©ftK3 6$ 
RSXLfcf*, Xfc?9*^*Jl,tf^lZcfc>J- f'J3>¥ 

»«Ms.ts 1 ±KM*fct rise i u inf . immtfi i o c 

to OS 13 5XIZ, mo (d) iZii^r^dlZ. LOCO 
T4t Milt n^Xt:-S4Vl'JWe2 0)Sffi«»»ft 

ajz<fc»»j»ft.Lr. WAiiRe3p h md)»ft^ ! U -av 

R3aS^j5Jir*. ^^lz5aiBEfbWiS%«^iSa (LP 

CV Dii : Low Pressure Chemical VaporOepbs ition) 
|ZJ:or, ±E»it.VU 3 VK3a iZ^Sif^SftS'U 
qVKWitfi OOnmO^^tzjgdiT^* £l>7\ 
^IS^ft^U 3 VR±iz^^fig(g|$R^^^IZB9D 
^r^M9-V0^Hipfl) US>^ KR^J^riiL. yss 

l7^Sft->>J 3VR£R I E (fifiSf|/^Vl7fV 
<7: Reactive ion etching) iZ.J^JI&^r -fr^flL 
*^»l6«R^««JU^d>ffii=||ZiB/jJi ^ tlfciSffcy 
•J 3 VRSISKfbtt^X0 |Z«L>T, 1 O S Ot O^x 
v HK*iiSs*Tn^i e5 4 Jt«:2 <D*ffi«fc 
KftUr. WiKR^4 5bhrnO)^^a8««R3€ 
JB-JiSr*. ^0)f5fc. fiftVU.3-VKt.«3ttt'l.3O>30) 
»U VM«m«tailW:ltXy y v^-Msr klzi: 

COO 523 3XIZ, 0-4 (e) IZ^r.tdlZ, ngSXtf 
^=t->V Jl/Jg2|Z, n ph/Wtft-7 h5V^a«J5S 
fllStd) n 3 VO 5 4 |Z««S r n 3 U 

5ft75'OTI*«*MT4. !*SS3 VOW^Otm 

««i=rad*?er*-i>^^>KR:2*«jrt ^is 

l/*>XhKR2S?70 t-LT. -f *VX*Jlf*- 5 0 
OK e V, ^ -v^£ 2x1 012 a t o ms / om2 , J6 
J:tff*VI*M^7pkeV, K-^£7x i 015 
a ioms./em2. 0)£il^?l£iS n^KftO) U V 

CO 0 5 33 ©4 (f) IZ^T ctdlZ. ngxe 

JM&Jb-ls pmo s h^vt^ararf^fcizra 

□ T ^> U h R R 3 $ y V^ 7 7 < - «'ffi ^fflL^ 
TfcjdSU hS^«tt30)«jtttUV (P* ) S^VX 
*J^«60bKeV, lr-y*St5x 1012atoms 
/c.m2 0)SB»fc, ^VItt#-30 0keV; H 
->Cft3x 1 o l-2.« i oms/cmZ 0)^5 ft «l7T 



2*11, Lsntisiiawt ur. p5^iti&<j>*i;i 

ttW*-(B'0 *=*VX4H>*-20ke V, F 
-^t5x10l2atoms/cm2(l)^ftT, «< V 
JiA^ffd* *o>f*U*>*KKR3 4ft££T*, 
CO O 3 4] 3fc|Z. i5 Cc ) lZif*TJ;dlI. nfil t! 

fc. pMOS^n MOS>5V^5 t n pn;V< 

* U V* MRR 4*UV^5 7-r - HT*£ 

ilK"-8 0 0ke V, F-^f.Sx 10 12 at oms 
/c m2 <J)£#.fc, ^^Vl4M-35QKe V, F 
-^tSx 1 012e t pms/om2 OSift 4"**J 
X"*JU*- 1 OQKeV, H-^i5x.1 012a t ohn 
s/om2 (!)&(* T\ aiSUr-f^V)4ASf7:3^fc|Z 

2*1::. L«i«an.aUAi=: Mat*, nis^wtft© 

U>*-f5tVi*JW*- 20keVT. F-3S2X.1 
012a t oms/c m2 QR'ftT. -f XyteX&flO. 

C0O5 53 Jfclz. HT5 (h) izjnT^dlz. US?*> 
lR4^£t^ 7vR (HF) SBl^ivh 

i^T, f?J;ll*BU95 n mdj(f- Mg«&.3 1 S^drT 
COOS63 3fc|I, 06 (i) IZinrJtdlZ, nMOS 

2. 23) aa*- (22, 23) 

5so>*|gjftf U i3.VK«.1?Jit.H 1 Q o h mpff&lzj&di 

u 24<tKftuvtPoc 13 ) smife 
7Ut»^>3^I:J;^, *f3SS>»J dvRlz-U 
V££&J§tlz^5At** *'0>«1L -«AK. CVD (Chem 
lea I Vapor Depos it ion) &IZ.J; -3 Ts 'FHItfOSI VC*-* 
?VR«1H ittt 1 O O n md)j?.*|=»jtf U U Vtf37 
< - « ffilZ J; y , p MO S£> ££f n MO S h 7 V */ 
c)tf - - VS^r ST^ira) L^JVh&SJB 

ism. ^feavj u vR-ksv^rVR fc i=<t y«fl« 

COQ573 Mi, ©6 (j) lziSrJ:dlz. !JV{?7 
jf-imiZji^T. p.MOSh7V^5!M««i: 
h& R 3'VJRilL. hRR'9 

(BF20 -f«VI*^-2 5ke V- t H - >(fi 
2KTOI3atoms/cm2(J^ftT, -f * 

scfcitjt??. h«S2 2<j)Niii^i=*5i7^xe 



%»-xsr^« afc. hh*t\ -pR-l-d-dAwi toTSi 

4ikRR a Rik<Dfe«lS. n EWtt©W*ttfc 
* (As* ) t-f*^i4M-3 0'0k*V, 
11. 3 x 1 013 a i bms/cm2 0)&#T^ * V>± 
XT*CfclZ«*->t\ PSS1-DD^|15|1 1 tOT^lZn^ 
*5> xjfc 7 0)-*8 fc#**Biiia) n v h SJ^jSST 

*0)flL US'* IKRSSisiT^ 
[0058] 3fc|Z, i7 (k) 'JV^7 

7 -f-«»izj:^r> n mos h5 viWSJBflifBSlz 
Baa^r^uv^hKRe^jgfifiu l^hRRe 

'bT. h5S*t«&OWjUifc* (As* ) 
^3tV±*ji/*'^6 0ke V. H-^fi3. 5x1 
OlSa t oms/c m2 <D^#T, 

^JlJ@2<D p^ z Jl/8«*ilZnS.L.DO««SI 1 3 £J&tf 

^4jir5amBfriJb<Dfc«)iz, pffi3p«wo>wA«^* 

(BO j£-f *VX*Jl/*-^3 Ok e V, F-^fil. 
2x 1 oi3e t oms/cm2 (D^ftr-f ViiX3~* 
£-kltJC-oT. h.S : LD'Dflai 3 0)T29IZpK*?xJb 
8ti>-Vtfg&FWM) pfi<* s >.v h€»"«8r*» ^0) 
U^R-RBtttSr^ 

[005.9] *|z. ID7 (I) iz^r^dlz, rjy^ 

«tt^-^jgjafB«i=eaa krr 7^ 

rfU. U^^hKiR7^?X^i:Ut. pS^I^<0« 
a. K± y ^ ft € 4 <Vi* Jl/^ - 3 qk ev, F 
-yCft S x 1 013 s t oms/cm2 CJ)*#r-f ^ V)£ 

Ar^zfciz<t-,T. xtt^-.^«4ii s-*»rfrft. 
A-7iRtt-k. st*^- >tima>RdDij v$ a- x«m 

SfeSKifiiriv^ 26IZ, i,^hR.R7 J£?^i7^L 
T. nS*W1ft<D«ilttUV*^*VX*JU^^^ 2 0 
keV, f-^i2x to 12 e t oms/c in2 <D^ 
ft, " fe«t^^ ^VI*;^* - 3 6 p k e V , F-;*£3 
x i 012a i om s/c m2 d)&fttitlA LfW * V)i 
Ar^CfclZctbT, X«^- 5 fl)ifiTfl)ZJL, 

C?5^$*«5J5fijeS«**-G*/=^0)S I C (Selective 
Ion implants? ion of Col lector)^^ 17 ^^1" 
'Sio. RRX<llCt3-ur. npnM?K-7h5V^ 
S tD5££ "<-;*iSi3 1 fftlZferfTiX^vS^U 

Co 0 6 03 »:lz, is (rri) lz^rJ:3lz, cvoiX 
iz <t-3 #h7>^5 «tfi« Lr^ffiiz»ffcs"J -i 
.V«Mitt»CW« 0 O n m|z*i(«*-Gt, tt-f H^sr- 
iM»RR-3e«lM-r«. 

CO 0 6 13 iXIZ. 08 (n) IZifvr<fcd lZ. ttW £6 

* -ji/ffl««Bt3 2 ojisizx^ y 9M&&mzmn* 



E|Z«fcVC, *4 K6*-JWfltt&&3 2fc,fc£;>^-^ 
«f3K^ 1 HX^ ^5Jgj5SfflIBDS3 2:c e 
*♦ 

COQ62) JfclZ; 19. (o) IZipT^dlZ; UPCV 
D££lzj:y. B3D2S3 3 cert££Ctf* K ^*-JWfi 
tg»IBt 3,2 d)££B iz, n SSFFWteO tsawitti:!!- 

ev? fc*isas> y ?v«MiLmuk 1 s on m? 

*£»£it X*-;,$*t§«Si^j3VfflJi2 4a£fi2tf*- 

*♦ £*>IZ* ^5si^.v9*isavuav«©s4a« 
ififfl ur^ffiiz. fcJxtf cv Diaiz J: y*> »J av»ftR 

iltfKJ? 10nmT««*t * *1Z V U 3 y&it 
KfcWfrCV D&|ZJ;yBUS 1 1 0 n mt.*8MT, 

K«j»iklR 3 5a £te tfT*. 
COOS33 fclz. @g (p) lzif>T<tdlz. i^vS 
«Sftvu 3-v««a 4 Q ±iz, uv^7 7<-a»i: 

ftSMJ ^ * U h K R 8 

U U S> * h R 8 XO t UT. fiflMR I E 
lZ<t>jfi«BfrikW 3 5 a fccfctfx* y 3*t§i&S"J 3> 
«Jg 2 4e0)/^- " >^£fTlV Sitter itK3 5*5 J: 
IFX^ .9-94WA'V U 3 V2 4 SJBjtf*** 
[O O 64] &|Z 4 il O (q) \Z^?£b\Z. 
hKR8S7^ttT. #xl*R I ElziUtt-f 
*- /I/ SUSSES 3 2*5«£tf>jf- NSKK3 1 Siyf-V 
?ft*.£ bT\ Hifc (2 2, 2 3) (DfcJ&lZtf-TK 

(32 g f 3 2 b) emir*, tffe 

CO) i: x ^ 3*IS&^ U 3 V 2 4 o - 2*0)T251Z 
fc, #-rF»*-JUJB»ttKTfc *KfbVU3VR3 2 
cff»*cfc|Ztf*« y-h«ffi(2 2i 23) 

d)T*lz^- MS«K (si e, 31 b) hWrttti 
*♦ *0>aK U*;^h.KRB5M£T^ fcfc, 
«MF.4*-JM1tR (32 e, 3 2 b) fcJttfBffef 

*♦ 

Co o 6 5] 3fc|z. flKDX^Tffjb ti*-f =tV;iA<D« 

KteRSffJillif i '.On mfgjgtiK^^r. fth&ffci£lz«fc 
yttttflMt* 'J 3 VR« 1 2 n miiJSirjdi^ **!*♦ 

COO 6 6] ^IZ, (3 1 O (r) |Z^TJ:dlZ. n MO 
V f * 5 (J) n S3 -3 b 9 5 7 5 S f fi *3 6 1 zm □ ^ * b 

I?* kkr g-«u y 7 <--KW«-Jrib4nra-u n 

£<D^tt«ssfc bT\ «itKfc*feW'=tVi*'K-3 5 
keV, F-^|5X1 015e t o m »./ c m2 0)^tt 

r-f^v>ixr*cfcizj:^T i n mos>7v*j^ 

©V-Jt- 'F-b-f Vtt«1 n p n.;V-f^7 h7 

t/^>5<D n SS3 U 9 5 fe y a* UM6* «:«nlr*. 
COQ673 *:iz, in 1 (s) iZirirj-dlZ. pMO 



v s?* 5 o#S3<x - izsaa r * b t/* h K r 

1 oeU'V-9-7 7 -r-fSH6£Jfll*TJBrfU 

5KeV. H-Xt 3<x 1 Oi5e t oms/om2 0^6 

Coo 68] H-a 1 <t) iziStJrdiz, Wittf 

1 OO OtT 1 Q«?SlfiaO)RTA (Rapid rheroa j An 
neal) Sff L*, p M O S & n MO S K 7 <0 
V-^' H U^fVffi« (1 2* 14) IZISAS+Ifc^l* 

teeattft:*tt*. tfc. ^ftMasiZityx^^^ 

ISSVU a V 2 4 A**^ y 3 VKftR 3 2 b 0)S9QS3 
2c a l>rP^Stt^-^figl3 1 5lZ*l«33#iK3c 
L n^x4y5i«i«2S65JgJSl^tl*i ^d)flk. £ffi 
lz^*-Uvv y<r-KC?5^ (bpsg) €*ttt*« 

TS.BI»«K3 4tJM-U 9 0 0lCT2 0^rBi. N2 
9BKft*ry7-d:-*fr5tfc:lzJ:y, ^PWffeT** t 
0)». JSH»»K-3 4feJ:j/fi«l»ikfe3 5JZ; ?rp^ 
d)U^KK€vr^O : fc LT\ dMO s>7j»^90) 

v-^h u-r vfiifi i.2izisr*ead« (41, 4 

2) , n MO S h 7 V f >750) V- 7 ' H UVffifiJl: 
4|ZjSr*fj§DS5 (4 3, 44), npiwWat-^h 

=7 vvX9d>M4p^-e-^fm 1 6izjS-r-*Baaa « s. 

l4v5*Bte U 3 V 2 4|Z&r *8aq9 4 6; nS 

3 uorottmuirae i-«.iz3»-*na«4 zemr 
*. 

CO O 693 WB«(J)Xifi>fc LTlXs #69029 (4 1 ~4 

7) 0>MI£M-ittf«V9-X7VMj8d-i!. =TFH^a) 

S^ UTi pMO S h^VMMV-^HiU^vm 
i.2|Z«ttT*Ett (5 i'1p 5 2). nM:OS>5V5? 
^5CDV-^« FI>^V««1 4|Z}gtfir*fi2tt (5 
3, 5 4) , n p n h 7 0)^3^- 

Z&m 1 6:|z«WT*K»3S, r * ?£*mA*y 3 

V2 4 |Ztt«r*Rtt!S 6, 3 U05»yffl tffia 6 a 

jz«ifir*Beift5 7 sB-rfr*cfci=J:.y; Btizmf 
¥-«f*«8B-itas*. 

COO 7 03 ±I2d)2|s:ig^lO)^aJBfKO)¥!S^S(J)S! 

is^ssizj- tr-r h * ^ ii$g»^£ti<D^«)o)x 

v^Va^lZ. h7 VV^5<J)$§tS«<3fcn£ 

^pjo^igitt, x£->9Jf<yvy 3vt«©*m 
- fiffltee^ ft x v ^ v o\z <t* ^ - sra/i 

*d)?£Kitr*ti:.«)5T?*. B i CMO S7 

«KoWDl=J:-*fBMKTOhix-a>1SY«ttjkU ft® 
»<J)^i±^ii*ci:.d5r$** Jtfci #2*^-;*f8«i: 



^tSmtflS A $*\%Zk <C < . #20 a - x * -> 
SBBSgizfcur* 16 (j ) ~7 ci) o)i?i 

[OG7 2] 012 I) |Z**r«fc3lZ, 

Ttt*D*5» 11,2 (j - i) iz^Tidir, UV^77 
Jsuzeab;*^ ^MRR57 srarii u u h 

#k*5& (BF20 «> -f*VI*lL¥-25keV. F 
-^f 2x 1 013 a t oms/om2 (J)^ft7, >f:*V 
>*A f S c. t lc<t "d > e%2 2 0>Pi<!J*5 |Z fcl? 

*X fc: 5 * V i* Jl/Jf 2 0) n xjl 7 4»|Z p 52 L D D*S 
«31 l&BdiU IslBSK P^^tt^^ ^fgisj l.s^jsfi 
**. Sfc.fc* lz U h- K 5 7 O t LT\ n 

^ii»3(Dfi>j^«t* (as* > £-f*vx;*n,*-3 

OOkeV, F^jtgt. 5 x 1 013 a t oms/cm 
2 0&nv(ly>£k**Zk\zj;->T. PRODIS 

0)n SS.p U{7 S^WftjifiJg ^-e ^/z«)0) S: I C 

(Selective I on Imp iantaf ion of Co I lector)^ £11 7 

[OQ7 3] -»Z, U^JVK&5 7£fifc£L/=f!L El l 
2 .(k) |Zij*r«fc3lZ, M7 (K) fc-PStDXIKfl 

ra«s*s*3izBan$ar *:u-5?.^ k&r e^jgjtf u us? 
(As O BffS^&ttr-f *v>iAr*cfclz^ 

2 fl)Pffi7 X \\, 8 FHZ n S3 L D DfS13 1 3 £J&iST 

sMs: y)kxr * z h iz osld 

Dim i s^T^IZpSS^xil/SO-SP^^^l^Tra) 
p^/K^v h^Jgrfr^i «iir. us <m) ju&cdx 

fi^fiaCfclZcty. @ llZTf.r^iS^Slz^cti: 

COO 7 43 CtllZ^y, /^3i?-7>7V^50)S 



tt^ - *SS$ it pMO Sh 7V^75p 5- L D pffiiS 
t. >7.V^5fl)S I C*S*3ttpMOSf 

Coo 7 5) fc<Dfflu 2li5gWO)S&$SmLttUlSiS 

z\ if *<D£Wd3°ifi8rfc *♦ 

CO 0 7 6] 

I* tr^iH^^-JlJft^KSJK^^BSlztt; 
«ffiTS9a)X^^?jBaJg^«^6iS*f=«). S5i 

a>¥m*m*o>mmmi:& 3x*->s«i3. x 
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